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ABSTRACT
Solvent extraction and spectrophotometric determination of metal ions are most versatile methods used
for the removal, separation and concentration of metallic species from aqueous media. A
spectrophotometric method has been developed for the determination of Nickel, Ni(II) using 5-bromo
salicylidene-2-aminothiophenol as novel extractive reagent. The reagent forms a coloured complex which
has been quantitatively extracted into n-Butanol at pH 7.8. The method obeys Beer’s law over a range of
1 to 10 ppm. The molar absorptivity is 7428 L mol-1cm-1 and Sandell’s sensitivity is 0.02083 µg/cm2
respectively. The proposed method is very sensitive and selective. This method has been successfully
applied for the determination of nickel from various alloys, synthetic mixtures and vegetable oil samples.
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INTRODUCTION
Nickel(II) is an important and toxic metal ion that is
readily encountered in the environment, biological
1
samples and food. In addition, industrial waste such as
scrap, dust, sludge, waste water and alloy also contain
nickel to a great extent.2,3The cursory look at the
literature survey reveals the fact that nickel reacts with
4,5
many organic reagents . Solvent extraction, which is
one of the most versatile methods used for the removal,
separation and concentration of metallic species from
6
aqueous media. It has been used widely for the
7
extraction of Ni(II) ions. Extraction systems containing
amines and their salts are widely used to concentrate
and separate metals. From a theoretical viewpoint,
these systems are among the most complex because of
the variety of intermolecular interactions that can occur
in the organic phase. Studies of the extraction of metals
using long chain amines have shown that Ni is extracted
8,9
to a negligible extent from HCl solutions .In the present
study, a novel method has been developed using 5bromo salicylidene-2-aminothiophenolas a reagent for
extraction and spectrophotometric determination of
Ni(II).This method involves systematic monitoring of the
influence of several process parameters: the pH of
aqueous phase, the concentration of extractant, the
extraction time, stability of the complex and nature of the
extracted species. This new method of extraction of
Ni(II)
ions
using
5-bromo
salicylidene-2aminothiophenol(BSATP) as extractant is simple,
selective and sensitive.

EXPERIMENTAL
Reagents
Nickel sulphate, n-butanol, 8-hydroxy quinolone,
thiourea, various solvent used and other required
chemicals were purchased from S.D. Fine Chemical
Ltd., India.
Preparation of reagent
The reagent 5-Bromosalicylidine-2-aminothiophenol was
synthesized by following method.The 5-Bromo
salicylaldehyde (0.01 mol) was taken in a round bottom
flask and dissolved in the ethanol (20 ml). The alcoholic
solution of 2-aminothiophenol (0.01 mol) was added
slowly with constant stirring in round bottom flask. The
resulting mixture was refluxed on a water bath for 4
hours. After cooling at room temperature or on
concentrating the reaction mixture by partial solvent
removal, solid Schiffs base 5-Bromosalicylidine-2-

aminothiophenol separated out. It is then filtered at
suction pump and washed thoroughly with dilute
methanol followed by distilled water. The reagent was
recrystallized from ethanol.
Preparation of stock solution
The stock solution of Ni(II) was prepared by dissolving a
weighed amount of nickel sulphate in double distilled
water and then diluted to the desired volume with double
distilled water. An aliquot of this solution was used for
gravimetric determination of nickel by dimethyl glyoxime
method.10
Apparatus and measurement
A Shimadzu UV-Visible 2100 spectrophotometer was
used to measure Nickel(II) concentration in1 cm cells
with detection at 445nm. The pH of aqueous solution
was measured using a digital pH meter with combined
glass electrode.
Procedure for the extraction
To the 1 ml of aqueous solution having 0.1mg of nickel
metal in a 50 ml beaker, 2 ml of 0.05% reagent was
added. The pH of the solution attuned to 7.8. The total
volume should not surpass 10 ml. The solution was filled
in 100 ml separatory funnel. The beaker was washed
twice with CHCl3 and washings are collected in the
same separatory funnel. This separatory funnel was
shaken for 1 minute and set aside to allow the two
phases separate out. Anhy.Na2SO4 is added for
eliminating the traces of water from organic phase. It is
then collected in 10 ml measuring flask and diluted upto
the mark with organic solvent if necessary. The
spectrophotometric method is employed to estimate the
amount of nickel present in the organic phase by
measuring absorbance at 445 nm. The dimethyl
glyoxime method was used to determine the amount of
10
nickel in aqueous phases.

RESULTS AND DISCUSSIONS
The results of various studies are discussed below.
Extraction as a function of pH
The extraction of nickel with5-bromosalicylidene-2aminothiophenol has been studied over the pH range 2
to 10 and has been observed that percentage extraction
of Ni (II) is maximum at pH 7.8.(Fig. 1). In previous work
Ni(II) was extracted at acidic pH of 4.5.7

Figure 1
Effect of pH on % extraction
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Absorption spectrum
The absorption spectrum of Ni(II): 5-bromo salicylidene-2-aminothiophenol in n-butanol shows the maximum
absorption at 445 nm. The absorption due to reagent at this wavelength is nearly negligible. Hence the absorption
measurements were carried out at 445nm. (Fig. 2)

Figure 2
Absorption Spectrum
Influence of diluents
The suitability of solvent was investigated using various organic solvents and the extraction of Ni(II) was quantitative in
12
n-Butanol. Hence, n-Butanol was used for further extraction studies as it gave better and quicker phases separation .
(Fig. 3)

Figure 3
Effect of various solvents on Ni (II): BSATP complex
Effect of reagent concentration
It was found that 2 ml of 0.05% reagent is sufficient for the colour development of the Ni(II):BSATP complex in 10 ml
of aqueous solution at pH 7.8. (Fig. 4). In the previous work, high concentration of triethyl amine reagent (5%) was
used to extract Ni(II).7

Figure 4
Effect of Reagent Concentration on Ni (II):BSATP complex
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Effect of equilibration time and stability of the complex
The equilibration time 1 minute is sufficient for the quantitative extraction in n-Butanol. The stability of colour of the
Ni(II):BSATP complex with respect to time shows that the absorbance due to extracted species is stable up to 60
minutes, after which slight decrease in absorbance is observed . (Fig. 5)

Figure 5
Effect of Time on Equilibrium on the Absorbance of Ni(II): BSATP complex
Calibration plot
The Beer’s law is obeyed from 1 to 10 ppm. The molar absorptivity and Sandell’s sensitivity were calculated to be
7428 L mol-1cm-1 and 0.02083 µg/cm2 respectively. (Fig. 6)

Figure 6
Calibration graph
Effect of divalent ions and foreign ions
The effect of other ions present in various amount indicated no interference in the spectrophotometric determination of
10 ppm of nickel. The ions which show interference in the spectrophotometric determination of nickel were overcome
6, 11
by using appropriate masking agents.
(Table no.1)
Table 1
Sr. No.
1
2
3
4
5
6
7
8
10
12

Interfering Ions
U6+
Pd2+
Citrate
Tartarate
EDTA
Pb2+
Mo6+
Cu2+
Fe3+
Cr2+

Masking Agents
8-Hydroxy Quinoline
Thiourea
Sodium Molybdate
Sodium Molybdate
Sodium Molybdate
Sodium Sulphate
Citrate
EDTA/Sodium Thiosulphate
Alkali Cyanide/Thiourea
Ammonium Acetate
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Precision and accuracy
The precision and accuracy of the spectrophotometric method have been studied by analyzing five solutions each
containing 5 ppm of nickel in the aqueous phase. The average of five determinations was 5.06 and variation from
mean at 95% confidence limit was 5.06 ± 0.04482.
Sr. No.

Absorbance

1
2
3
4
5

0.241
0.246
0.237
0.241
0.244

Amount of Ni(II)
(µg)
5
5.08
4.95
5
5.05

X– Mean

D = Xi – X

D = Xi – X 2

5.016

0.016
0.008
0.066
0.016
0.034

0.000256
0.000064
0.004356
0.000256
0.001156

Nature of extracted species
The composition of Ni(II):BSATP complex has been determined by Job’s continuous method, Slope ratio method and
Mole ratio method. It showed that the composition of Ni(II):BSATP complex is 1:2 (Fig. 4)

Figure 4
Job’s continuous variation curve
Applications
The proposed method has been successfully applied for the determination of nickel from various alloys, synthetic
mixtures and vegetable oil samples. The results found to be in good agreement with those obtained by the standard
known method (Table No.2).
Table 2
Estimation of nickel in alloys, synthetic mixtures and vegetable oil samples
Estimation of nickel in

Sample
% Ni (II) certified value
Cupro-Nickel Alloy
55
Alloys
Magnesium Alloy
30
German alloy
92
Synt hetic mixture
Ni + Zn
4.91
Ni + Co
4.88
Ni + Mg
4.86
Vegetable oil
Groundnut oil
3.5mg
Each result is average of three independent determinations.
Each result is compared with dimethyl glyoxime method.10

% Ni (II) observed value
54.8
29.2
90.08
5.0
5.0
5.0
3.62mg

Sta ndar d Deviati on
± 0.2
± 0.70
± 1.8
± 0.09
± 0.10
± 0.12
± 0.08 mg

CONCLUSION
This study reveals that 5-bromo salicylidene-2aminothiophenol BSATP can be used as an effective
reagent for the extraction of Ni(II) ions from aqueous
solutions. The extraction of Ni ions is pH-dependent and
sensitive to the concentration of the extractant. The
extracted species possessed a metal-to-reagent mole
ratio of 1:2. After three extraction/stripping cycles,
BSATP in n-Butanol retained its high extractability. The
results show good agreement with standard method.
The developed method is compared with results
obtained with the dimethyl glyoxime method for

estimation of nickel (II) and observed to be comparable.
The method is precise, accurate, less time consuming
and easily employed anywhere even in small
laboratories
as
it
requires
only
UV-visible
spectrophotometer and not much sophisticated and
costly measurement devices or instruments.
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